Bacterial resistance to antibiotics has become a common occurrence especially in areas where antibiotic drugs are widely used. Moreover, the potential effect of antibiotic pollution and the presence of antibiotic-resistant genes (ARGs) on the composition of bacterial communities in the ecosystems continue to degrade the quality of most ecosystems. Despite the use of ultraviolet (UV) radiation and ultrasound (US) technologies in wastewater purification, little is known on their application in the elimination of fecal pathogenic microorganisms such as Escherichia coli. Moreover, their individual and combined potential in the elimination of erythromycin-and quinolone-resistant E. coli is a topic that still requires proper understanding. Therefore, this study was aimed at evaluating the individual and combined/integrative potential of UV radiation and ultrasonic technologies in the removal of erythromycin-and quinolone-resistant E. coli from domestic effluents using a laboratory experimental-based set-up. The results showed that UV radiation experiment was able to significantly eliminate erythromycin-and quinolone-resistant E. coli from the water to a value of 2 log units. Additionally, US technology was equally able to significantly reduce both the erythromycin-and quinolone-resistant E. coli to 2 log units. However, on combining the two technologies, there was further reduction to 1 log unit, hence, pointing to the need for adopting the integrative approach in water purification for increased wastewater purification efficiencies and improved ecosystem and human health. This is an Open Access article distributed under the terms of the Creative Commons Attribution Licence (CC BY 4.0), which permits copying, adaptation and redistribution, provided the original work is properly cited
INTRODUCTION
Studies have continued to prove that water resources within the globe will continue to deteriorate and the amount of wastewater produced will continue to rise. Something of greater concern is the fact that the infrastructure and management systems are not adequately prepared for this increasing wastewater generation (Madbouly ) . Globally, an estimated two million tons of sewage, industrial and agricultural wastes are discharged into the world's water bodies, and that does not consider the unregulated or illegal discharge of contaminated water. This wastewater contaminates freshwater and coastal ecosystems, threatening food security, access to safe drinking and bathing water, and is a major health and environmental management challenge (Allen et al. ; Berendonk et al. ) .
The production and cycling of pathogenic-and drug-resistant bacteria will continue to be a big global challenge. This is based on the nature in which food is produced (uses 70-90% of the available fresh water), and much of this water returns back to the system with additional nutrients, pollutants, contaminants and pathogens. Further downstream, agricultural pollution is increasingly joined by human and industrial wastes. Up to 90% of wastewater flows untreated into the densely populated areas such as informal settlements. This has contributed to the growth of freshwater and marine dead zones which lead to further losses in biodiversity and ecosystem resilience, which in turn will undermine prosperity and efforts towards a more water quality sustainability (Romina et al. ) . The availability of fecal-related ARGs has continued to rise in aquatic ecosystems. There has been the cooccurrence of both the fecal coliform and ARGs within the wastewater ecosystems as well as those considered essential for drinking water sources. Furthermore, both the fecal coliform and ARGs have been isolated from the biofilms formed on the wastewater plants and also on the drinking water treatment, delivery and storage facilities such as the delivery pipes, taps and tanks (Bergeron et al. ) . Therefore, there is need to strengthen the available ARG detection and removal technologies for improved water quality and human health. An interesting fact is that studies have also linked certain chemical treatment techniques to increased ARGs in the wastewater and related environments. Liu et al. () for the first time showed that chlorination increased the levels of ARG pollution in wastewater treatment plants (WWTPs), and that it enhanced both the extracellular and intracellular ARG pollution.
Additionally, Escherichia coli showed a positive correlation with the total extracellular ARG concentration after chlorination. This not only confirms the use of E. coli as a suitable pollution indicator, but may also depict the possible availability of ARGs in water (Donde et al. ; Liu et al. ) .
The use of UV radiation in wastewater purification involves the instantaneous neutralization of the microorganisms as they pass by ultraviolet (UV) lamps submerged in the effluent (Brahmi & Hassen ) . The application of UV light for wastewater disinfection is increasingly getting preferred to the known inefficient and environmental damaging chemical-based disinfection techniques (Pang et al. ) . This preference is on the basis that the UV radiation has proved to be one of the few cost-effective disinfection alternatives that do not create or release carcinogenic byproducts into the environment. Ultrasound (US) is a technology that is based on cyclic sound pressure that has a frequency of greater than the upper limit of human hearing.
It works on the principle of transmission of sound mechanical energy by pressure waves in a material medium (Farooq et al. ) . The use of ultrasonic technology has also been adopted in wastewater purification for the elimination of pathogenic microorganisms and related resistant genes 
MATERIALS AND METHODS

Sampling and membrane filtration technique
Isolation of antibiotic-resistant E. coli
The random selection of 10 E. coli colonies was done from the mixed cellulose ester membrane and subjected to the polymerase chain reaction to detect the presence of erythromycin-and quinolone-resistant genes (ere(A) and qnrA, respectively) as stipulated in Momtaz et al. () . The primer details are provided in Table 1 . To further screen and confirm the antibiotic-resistant colonies, the filtered membranes were placed on separate m-FC agar plates with 16 mg/l of erythromycin and 16 mg/l of quinolones. All the E. coli colonies positive for the resistant genes were then cultivated to mid-log phase at 37 C in 20 ml of nutrient broth. Each culture was centrifuged at 5,000 rpm/min for 15 min and the pellet was then washed twice with sterile distilled water. This procedure was repeated to ensure that only pure resistant E. coli were obtained and used as the test organism. About 500 ml of wastewater sampled from the domestic WWTP was sterilized at 121 C for 30 min using air tight pressure heater and aseptically cooled to room temperature. Two 100 ml sets of the sterilized wastewater were separately mixed with 16 mg/l of erythromycin-resistant E. coli and 16 mg/l of quinoloneresistant E. coli. In total, 10 ml of each of the pelleted resistant E. coli with the bacterial concentration of 52,000 CFUs were then subjected to UV and US purification experiment.
UV radiation and ultrasonic purification experiments
A total of 20 ml of wastewater seeded with erythromycinand quinolone-resistant E. coli were placed into a properly labeled 50 ml transparent (95% transparent for 360 nm light) test tube with screw caps. Each seeded drug-resistant E. coli viable counts (erythromycin-and quinolone-resistant E. coli) were exposed to three doses (0, 300 and 600 mW·s·cm À2 ) of UV radiation that were fixed in a chamber.
The sample was mixed gently and continuously using a Table 2 . 
RESULTS
UV radiation purification experiment
The findings for UV radiation experiment on the removal of erythromycin-resistant E. coli are presented in Figure 1 . 
Ultrasonic purification experiments
Results on the ultrasonic experiment for the removal of erythromycin-resistant E. coli are presented in Figure 3 . UV dosage (QR-240-300); time 60 min at 600 mW · s · cm À2 UV dosage (QR-60-600); time 240 min at 600 mW · s · cm À2 UV dosage (QR-240-600). 
Comparison between UV radiation and ultrasonic purification experiments
Results on comparison between the UV radiation and ultrasonic experiment in the removal of erythromycin-resistant E. coli are provided in Figure 5 . There was a statistically significant difference between 300 mW·s·cm À2 for 60 min of UV dosage (ER-60-300) and 35 kHz for 60 min of ultrasonic dosage and also between 300 mW·s·cm À2 for 60 min of UV dosage (ER-240-300) and 35 kHz for 240 min of ultrasonic dosage . However, there were statistical differences between 600 mW·s·cm À2 for 240 min of UV dosage (ER-240-600) and 130 kHz for 240 min of ultrasonic dosage and also between 600 mW·s·cm À2 for 60 min of UV dosage (ER-60-600) and
130 kHz for 60 min of ultrasonic dosage (ER-60-130) (P>0.05).
Results on comparison between the UV radiation and
ultrasonic experiments in the removal of quinolone-resistant E. coli are provided in Figure 6 . There was a statistically significant difference between 300 mW·s·cm À2 for 60 min of UV dosage (QR-60-300) and 35 kHz for 60 min of ultrasonic dosage ; between 300 mW·s·cm À2 for 240 min of UV dosage (QR-240-300) and 35 kHz for 240 min of ultrasonic dosage and also between 600 mW·s·cm À2 for 60 min of UV dosage (QR-60-600) and
130 kHz for 60 min of ultrasonic dosage (QR-60-130). However, there was no statistical significant difference between 600 mW·s·cm À2 for 240 min of UV dosage (QR-240-600) For proper wastewater management, there is a need to intrinsically link the process to management of the entire water chain. It is essential that wastewater management is considered as a part of the integrated and ecosystem-based management that operates across sectors and borders such as freshwater and marine (Romina et al. ) .
Apart from the nature of the media and the form of UV 
CONCLUSION AND RECOMMENDATIONS
The study showed that UV radiation experiment was able to significantly eliminate erythromycin-and quinolone-resistant E. coli from the wastewater to or less than 100 CFU.
Additionally, US technology was equally able to significantly reduce both the erythromycin-and quinolone-resistant E. coli to below 2 log units. However, on combining the two technologies, there was further reduction to 1 log unit. Hence, pointing to the need for integrative approaches in wastewater purification for increased wastewater treatment efficiencies and improved ecosystem and human health. How wastewater is treated and reused is the key to successfully meeting the vast water requirements of an urban population. This must transcend the entire water supply, wastewater treatment and disposal chain, involving the production and treatment of wastewater. Therefore, the study lays more emphasis on reducing the volume and extent of water pollution through preventive practices, capturing and properly treating water once it has been polluted or contaminated, treating polluted water using appropriate technologies such as integrated UV radiation and US techniques for return to the environment.
Indeed, where feasible, safely reuse and recycling wastewater should be embraced, thereby conserving water also provides a platform for the development of new and innovative technologies and management practices within the wastewater quality management sector. Additionally, a paradigm shift is required towards new integrative innovative approaches that not only include wiser management and technological innovation. This is because not one size fits all but ensuring that wastewater treatment technologies are appropriate to all the wastewater from various sources. Such innovation is necessary at both ends of the pipe to reduce the volume and contamination of wastewater produced. This may also enhance the approaches on how to treat or even reuse the wastewater in an affordable and sustainable manner.
Hence, the study recommends the incorporation of integrated UV-ultrasonic technologies in the removal of erythromycin-and quinolone-resistant E. coli from domestic wastewater for improved water quality and health.
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